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ABSTRACT 
 
This project report deals with dynamic behaviour of joining between stainless steel and 
aluminium alloy by MIG welding using theoretical and experimental analysis method. 
This project report is to study the dynamic properties and behaviour of joining between 
stainless steel and aluminium alloy by MIG welding by using modal analysis and 
compare with the finite element analysis. The structural three-dimensional solid 
modelling of joining between stainless steel and aluminium alloy by welding was 
developed using the SOLIDWORK drawing software. The finite element analysis was 
then performed using ALGOR 23.1 (FEA). The finite element model of the components 
was analyzed using the linear modal analysis approach. Finally, the experimental modal 
analysis was performed using Impact Hammer Testing method. The natural frequency 
of the mode shape is determined and comparative study was done from both method 
results. The comparison between natural frequencies of finite element modelling and 
model testing shows the closeness of the results. From the results, the percentage error 
had been determined and the limitation in the natural frequency of the joining between 
stainless steel and aluminium alloy by welding is observed. The results of this project 
shown the mode shape of the joining plate by MIG welding for simulation are generally 
is not in agreement with the experimental value and the frequencies of the experimental 
modal analysis are a bit different with the frequencies of the simulation. The percentage 
error is bit high because there are some errors occur during the experimental modal 
analysis. The experimental modal analysis is conducted with fix condition of the joining 
plate between aluminium alloy and stainless steel by welding and the effect of damping 
which effect test rig by using polystyrene as a base of the plate is a factors as the higher 
percentage error. It is conclude that the in experimental method uses the polystyrene as 
a base affected the result. 
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ABSTRAK 
 
Laporan projek ini berkaitan dengan perilaku dinamik sambungan plate antara 
aluminium aloi dan keluli tahan karat oleh kimpalan menggunakan kaedah analisis teori 
dan eksperimen. Laporan ini adalah untuk mempelajari sifat dinamik dan perilaku 
sambungan plate antara aluminium aloi dan keluli tahan karat oleh kimpalan dengan 
menggunakan analisis modal secara eksperimen dan membandingkannya dengan 
analisis elemen secara teori. Pemodelan struktur tiga-dimensi spiral wound gasket 
dilukis menggunakan perisian melukis SOLIDWORK. Analisis elemen modal 
kemudian dijalankan dengan menggunakan perisian ALGOR 23.1. Analisis di dalam 
perisian ini menggunakan pendekatan analisis linier modal. Kemudian, analisis modal 
secara eksperimen dilakukan dengan menggunakan kaedah kesan ketukan. Frekuensi 
dan bentuk mod ditentukan dan kajian perbandingan dilakukan dari kedua-dua 
keputusan kaedah. Perbandingan antara frekuensi dari pemodelan elemen secara teori 
dan ujian model secara eksperimen menunjukkan keputusan yang hampir sama. Dari 
hasil tersebut, peratus perbezaan antara kedua kaedah telah direkod dan had frekuensi 
asas sambungan plate antara aluminium aloi dan keluli tahan karat oleh kimpalan telah 
diamati. Keputusan projek ini  telah menunjukkan bahawa bentuk mod sambungan plate 
oleh kimpalan MIG bagi simulasi secara umumnya adalah tidak sama dengan nilai 
eksperimen dan frekuensi analisis ragaman eksperimen adalah agak berbeza dengan 
frekuensi simulasi. Peratus ralat agak tinggi kerana terdapat beberapa kesilapan berlaku 
semasa  eksperimen. eksperimen dijalankan dengan keadaan tetap bagi sambungan plate 
antara aluminium aloi dan keluli tahan karat oleh kimpalan dengan menggunakan 
polistirena sebagai pelapit plate dan memberi kesan redaman berlaku. Ia menyimpulkan 
bahawa dalam kaedah eksperimen, penggunaan polistirena sebagai pelapit memberi 
kesan terhadap result. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
1.1 GENERAL INTRODUCTION 
 
Metal inert gas welding is an effective technology use throughout the industry. It 
used widely in advanced construction and equipment, especially in the automotive 
industry to join the parts. The combination of building materials which commonly using 
aluminium and steel has high demand for welding technology. Joining between 
aluminium alloys and stainless steel proved to be significant for the construction 
industry. Joining between aluminium alloy and steel are also prominent in the 
transportation industry, particularly the need to design a lightweight vehicle body. 
 
In this project, we will investigate the stability and detect the vibration that 
occurred in the dissimilar metal joint by MIG welding using different thickness. The 
vibration occurred is obtained by performing dynamic analysis using ALGOR Finite 
Element Analysis (FEA). 
 
1.2 PROJECT OBJECTIVE  
 
The purpose of this research is to study the dynamic properties and behavior of a 
dissimilar metal joint by MIG welding using different thickness by using modal analysis 
and comparison with the finite-element analysis. 
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1.3 PROJECT SCOPE  
 
This project focuses on the following points: 
 
i. Dissimilar metal with different thickness will weld. 
ii. Experimental analysis using modal testing on weld metal 
iii. The theoretical data for dynamic analysis using ALGOR will be taken. 
iv. Comparative study between numerical and experimental analysis 
 
1.4 PROBLEM STATEMENT 
 
Hybrid component between aluminium alloys and stainless steel have a higher 
technical and economic potential. Vibration is a frequent problem that affecting the 
result of joining dissimilar material between aluminium alloys and stainless steel by 
welding. The vibration problem occurs and affects the surface finish of joining plate. 
 
Modal analysis is done to obtain the actual dynamic properties. The dynamic 
properties which consist of natural frequency, mode shape and damping are unknown 
on the design. The frequency of vibration of the dissimilar metal joint by MIG welding 
using different thickness is directly related to the stiffness and the mass of it while the 
mode shapes are related to the defect location. Therefore, vibration testing needs to be 
carried out to obtain the data of those dynamic properties. The parameters that describe 
each mode are natural frequency or resonance frequency (modal) damping mode shape; 
these are called the modal parameters. By using the modal parameters to model the 
structure, vibration problems caused by these resonances (modes) can be examined and 
understood. The purpose of this project is to determine the natural frequencies of the 
dissimilar metal joint by MIG welding using different thickness for structural health 
monitoring and evaluation. 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
This chapter is based on the initial study on vibration in the joint MIG welding 
on dissimilar metals by using different thickness of aluminium alloy and stainless steel, 
the dynamic properties and behaviour with the MIG welding using different thicknesses 
and vibration analysis was done using two distinctive methods, one by experimental of 
modal analysis and another one is simulated using ALGOR finite element analysis. 
 
2.2 BASIC VIBRATION THEORY  
 
Method and the type of metal joint is an important role for the Structural 
durability, structural integrity and NVH (noise, vibration and Harshness). These effects 
can cause an adverse effect on the joint. The structural durability, structural integrity, 
and NVH automotive structural performance often depended on the change in 
compliance with the various joints in automobile bodies. Lots of vehicle body structure 
contains welding points, changes in compliance areas welded joints due to fatigue 
damage can have a major impact on the nature of the above mentioned structure. (De-
Guang Shang et al, 2002) 
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2.3 WELDING SYSTEM 
 
Aluminium and steel joined by fusion welding is difficult because the compound 
is a mixture of two substances form a brittle intermetallic compound (IMCs) in the 
joints. To control the formation of the IMC layer, the shape and size of the joints are 
very important. The joint has two characteristics: on the base, metal is aluminium alloy 
with a low melting point of the weld joint, mixed with molten filler metal to form a 
weld joint, while the steel is the surface of a high melting point metal with brazing, 
which acts like response with the filler metal melts to form a solder layer interface 
formed braze joints. (Lin et al, 2009) 
 
The joining of aluminium alloy and stainless steel can be difficult for aluminium 
and non-metallic iron fusion welding as far as appropriate. The reason for this is due to 
the large difference between the melting point (660 ºC for Al and 1538 ºC to Fe), close 
to zero solid solubility of aluminium metal, and the formation of brittle intermetallic 
compounds. The difference in thermal properties of both materials, such as expansion 
coefficient, conductivity, and specific heat leads to internal stresses after welding 
fusion. (Song et al, 2009) 
 
Song et al said tungsten arc inert gas (TIG) welding, brazing of new techniques 
and become a hot research field to participate in an aluminium alloy to stainless steel. In 
the dynamic arc heating process, the liquid filler metal (aluminium alloy) is not wet and 
spread on the surface of steel. Although Al-Zn coated steel surface can promote the 
wetting and spreading to fill the metal. For this project, using metal inert gas welding 
(MIG), brazing may produce the same result. 
 
Tungsten Inert Gas (TIG) or Gas Tungsten Arc (GTA) welding is the arc 
welding process in which arc is generated between non consumable tungsten electrode 
and workpiece. The tungsten electrode and the weld pool are shielded by an inert gas 
normally argon and helium. Figures 2.1 show the principle of tungsten inert gas welding 
process. 
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Figure 2.1: Schematic illustration of butt TIG welding–brazing. 
 
Source: Song et al (2009) 
 
Figure 2.2 show effects of different welding currents on the joint characteristics. 
Welding current changes (w) and welding speed (nr) is important because dissimilar 
materials joined by tungsten inert gas (TIG) give various effects. This project uses metal 
inert gas (MIG) and maybe has the same effect. Welding current at 170 A, the molten 
steel flow and fracture occurred at the root interface seams / welded steel after welding 
for high heat input. At 140 A and 120 A, a reduction in welding time causes no cracks 
in the seam at the interface of steel. At 90 A, incomplete join steel and aluminium parts 
are presented for low heat input. (Song et al, 2009) 
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Figure 2.2: Effect of different welding currents (Iw ) on the joint characteristics: 
(a) 170 A, (b) 140 A, (c) 120 A and (d) 90 A. 
 
Source: J.L. Song et al (2009) 
 
Figure 2.3 show effect of different welding rate (vw ) on the joint characteristics. 
Welding rate (nr) also affects the normal characteristics. At low vw 100 mm / min, the 
part of the melted steel flow, while the fracture was not found in interface seam / steel 
and seams with a good formation. At the 140 mm / min, sewing has an excellent 
formation and no filler metal spreads over the surface of molten steel. For 180 mm / 
min, liquid filler metal diffusion incomplete take on the steel surface and the angle of 
contact between metal and welded steel increases rapidly. At high vw 220 mm / min, 
severe combined incomplete set forth in the aluminium side due to the low heat input.  
(Song et al, 2009) 
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Figure 2.3: Effect of different welding rate (vw ) on the joint characteristics: (a) 100 
mm/min, (b) 140 mm/min, (c) 180 mm/min and (d) 220 mm/min. 
 
Source: J.L. Song et al (2009) 
 
Formation of the pleated welded seam influenced behaviour outbreak filler 
metals that are liquid at the surface of the groove in the wetting film of liquid flux. And 
levels of wetting liquid flux film influenced the differing levels of bribery wiring (vf). 
Figure 2.4 show effect of different wire feed rate of TIG welding. The levels of bribery 
wiring filler 200 mm/min, the liquid ﬁller metal ﬁrstly spread on the root of the groove 
to realize the back formation. Levels of wiring bribery charges for 300 mm/min and 400 
mm/min, the spread of the molten filler metal is difficult on the front face of the groove. 
At levels of 500 mm/min, the liquid ﬁller metal realized the front formation of the seam. 
(Song et al, 2009) 
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Figure 2.4: Effect of different wire feed rate (vf ): (a) vf = 200 mm/min, 
 (b) vf = 300 mm/min, (c) vf = 400 mm/min and (d) vf = 500 
mm/min. 
 
Source: J.L. Song et al (2009) 
 
Figure 2.5 show the Physical model of spreading behaviour of liquid ﬁller metal. 
Under the TIG arc heat flux, this is near the front face of the beam in both the liquid 
material to form a thin film of liquid flux on the steel surface. Then, aluminium-based 
filler feed and touch the source of the beam-shaped grooves. When the filler metal 
melts, it starts to get wet and spread on the surface of the steel and cause the liquid flux 
film. And molten slag from flux floated up to the surface of the molten pool due to the 
low specific gravity, while the high specific gravity metal, such as Sn and Zn, which is 
deposited onto the surface of steels and alloys with the filler metal, which will 
strengthen the joint. Spreading behaviour of the filler metal can be divided into two 
parts, with the spread on the face of the steel behind to pack and form a seam of the 
back with the help of noise-shaped grooves. Together, gravity itself has been overcome 
and the liquid filler metal can be spread on the hill in front of the beam. . Finally, with 
the sound of solder has been established in the sight of steel and aluminium in the 
presence of liquid filler is mixed with liquid and form the basis of weld joints. (Song et 
al, 2009) 
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Figure 2.5: Physical model of spreading behaviour of liquid ﬁller metal: (a) 
liquid ﬂux ﬁlm on the groove surface, (b) back spreading, (c) uphill 
spreading and (d) formation of the seam. 
 
Source: J.L. Song et al (2009) 
 
In the welding process that is dynamic, various temperatures led to different 
IMC layer thickness. Figure 2.6 show the cross-section of typical butt joint on the 
surface of the interface, zone A and rush the liquid filler metal. In the middle and upper 
layers of the interface at zone B, the IMC layer thickness is less than 5 m due to the 
short-term heating and rapid spread of the filler metal. At zone C, a heated vertical 
surface is heated until it’s the highest temperature is reached. Groove root in zone D 
with a thin IMC layer about 5 m thick due to low heat input. In the area of fusion of 
aluminium alloy, at the zone is part of the aluminium alloy is melted and mixed with the 
filler metal. (Song et al, 2009) 
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Figure 2.6: Cross-section of typical butt joint. 
 
Source: J.L. Song et al (2009) 
 
2.4 METAL INERT GAS (MIG) WELDING 
 
MIG welding has been proposed as a process that can be implemented to join 
aluminium and steel for the two structures. Aluminium and steel are arranged close to 
allow some gaps. Emissions from MIG nozzle is placed on the aluminium. When 
joined, the edge of the molten aluminium sheet meets with the wire melts causing the 
gap between the aluminium and steel reduced wet by melted aluminium.  
 
Figure 2.7 show principle of the laser MIG hybrid joining process. In MIG 
welding process, a large pool of molten melts pool created and filler materials for 
welding supply, which operates in the keyhole mode to provide uniform heat in a deep 
way to increase the speed to stabilize the MIG arc welding to reduce the heat input. (C 
Thomy and F Vollertsen) 
 
Among the process, parameters have a different MIG arc, wire feed rate, 
welding speed and arc position abutting against the edge. (C Thomy and F Vollertsen). 
Table 2.1 shows basic parameter setting 
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Figure 2.7: Principle of the laser MIG hybrid joining process 
 
Source: C Thomy and F Vollertsen 
 
MIG's position is measured as the distance projection of the filler wire (about 
point arc feet) to the side of an aluminium sheet, with negative values indicating the 
position of the steel sheet. To improve performance based on process parameters 
optimized parameter settings, parameter proportional change was implemented, 
increasing the while keeping constant welding speed: 
 
i. The heat input per unit length 
ii. The ratio of heat input by the arc MIG 
iii. The ratio of the wire feed rate and welding speed. 
 
Table 2.1 Basic parameter setting 
 
MIG Power W 224 
Welding Speed m/min 6 
Wire Feed Rate m/min 6 
MIG Position mm +1 
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Welding speed on the contrary does not change the parameters (especially wire 
feed rate) has some influence on the wetting behaviour. Wire feed rate does not affect 
the phase in the wetting layer thickness. MIG arc position with the edge of the sheet 
thickness influences the phase and the tensile strength. Figure 2.8 show Influence of 
welding speed during proportional variation of process parameters. To evaluate the root 
joint and side welding speed of 7 m/min the speed that usually being used. At a speed of 
8 m/min, this is less stable, resulting in the formation of large holes and watering splash. 
At a speed of 9 m/min, this process is more stable, and there is a smooth root formation, 
but the weld is still weak. (C Thomy and F Vollertsen) 
 
 
 
Figure 2.8: Influence of welding speed during proportional variation of process 
parameters 
 
Source: C Thomy and F Vollertsen 
 
2.5 WELDING AND BRAZING 
 
 Welding is to create a metal joint using concentrated heat at the joint to melt and 
filler metals with brazing while also using a much lower melting temperature that does 
not involve the base metal. In welding and brazing, the joint strength is often in excess 
